A model is presented for enhancement of fluid flow through bone matrix and any porous tissue engineering scaffold implanted within it. The mechanism of enhancement is the skeletal muscle pump in compartments adjacent to the bone. Pressure waves from muscle pump contractions aided by increased blood pressure during exercise coupled with temporary occlusion of arteries leading to and veins from the bone, increase hydraulic pressure in cortical bone capillaries so as to amplify capillary filtration. It is proposed that capillary filtration increase is sufficiently convective to contribute to bone fluid flow and associated percolation through tissue engineered scaffold matrix implants. Importance of this contribution is its relative role in maintaining seeded cells in bioreactor scaffolds. Validation of the hypothesis starts at a minimum level of demonstrating that capillary filtration is convective. At a maximum level confirmation of the hypothesis requires demonstration that capillary filtration-based interstitial flow is sufficient to stimulate not only host bone cells (as proposed in part I of the hypothesis) but bioreactor-seeded cells as well. Preliminary data is presented supporting the prediction that skeletal muscle contraction generates convective capillary filtration.
Introduction
Tissue engineered scaffolds require vascularization to (1) enhance nutrient exchange and (2) provide cells needed to build new tissue. Cell-seeded scaffolds-bioreactorsrequire rapid penetration of vessels or enhanced fluid percolation to keep their contents alive until normal nutrient exchange can be established. Accordingly, scaffolds implanted in bone for purposes of stimulating osteogenesis must be at least angio-and osteo-conductive. The ultimate scaffold will be angio-and osteo-inductive as well. Growth factors/polypeptide cytokines are usually employed as growth inducers. They are ineffective, however, if their release rate is not controlled to match the state of "readiness" of target cells. Accordingly, transport must be coordinated.
Nutrient exchange is not the sole function of transport in bone. There is increasing evidence that interstitial fluid flow is sensed by and modulates the behavior of bone cells. Percolation through bone matrix and associated implants is referred to as bone interstitial fluid flow (BIFF). Two mechanisms for bone cell sensing of BIFF have been proposed; one mechanical and the other electrokinetic. The electrokinetic model focuses on streaming potentials that are putatively sensed by electrokinetic receptors in bone cell membranes. The mechanical model focuses on shear stress at the membrane-fluid interface, which is transmitted to second messenger by mechano-receptors.
Each model takes advantage of the observation that volume fraction of water in cortical bone water is 13% (Morris et al., 1982) and molecules at least as large as ferritin percolate through the matrix via solvent drag from osteon to osteon at rates well in excess of diffusion (Dillaman, 1984; Li et al., 1987; Montgomery et al., 1988; Dillaman et al., 1991; Kelly and Bronk, 1994; Knothe Tate and Knothe, 2000) . The electrokinetic model was developed in 1968 by Anderson and Eriksson (1968) who proposed that flowing ions in bone fluid established streaming potentials relative to fixed cell membrane charges. In vitro experiments have confirmed bone cell response to streaming potentials (Otter et al., 1985 (Otter et al., , 1990 (Otter et al., , 1992 (Otter et al., , 1996 Guzelsu, 1991, 1993; MacGinitie et al., 1993 MacGinitie et al., , 1997 Chen et al., 1997; Pollack, 2001) . In 1990 Frangos and colleagues proposed that bone cells respond to fluid shear stress in a manner similar to endothelial cells (Reich et al., 1990) . Control of endothelial cell activity by blood flow-generated fluid shear stress is well established (Frangos et al., 1985) . Given the high incidence of redundancy in evolved tissues and the common ancestry of the two cell types from mesenchymal (Reich and Frangos, 1991; KleinNuland et al., 1995; Johnson et al., 1996; Hillsley and Frangos, 1997) , but there are important differences between endothelial and bone cells. For example, osteocytes and their processes are surrounded by relatively thin fluid (not necessarily Newtonian) annuli in the lacunar and canalicular compartments, rather than relatively large volumes of flowing blood. No direct measures of fluid flow in vivo over bone cell surfaces have been obtained, but in vitro experiments indicate a shear stress stimulation threshold producing 1% strain (Burger, 2001 ) and a streaming potential threshold of 10 mV (Hung et al., 1996) . What is unclear at this point is the source of hydraulic pressure gradients required to drive BIFF. It has been proposed that BIFF is generated by incompressible fluid shifts resulting from pressure and tension cycles on interstitial fluid during bending of bone by muscle contraction and weight-bearing whether during locomotion (Piekarski and Munro, 1977; Weinbaum et al., 1994; Knothe Tate et al., 1998; Srinivasan and Gross, 2000; Steck et al., 2000; Cowin, 2001a; Knothe Tate, 2001; Petrov and Pollack, 2001; Pollack, 2001; Prendergast and van der Meulen, 2001) or posture maintenance (Fritton et al., 2000; Rubin et al., 2001) . The basis for the current model is Biot's poroelasticity theory (Biot, 1955) which predicts fluid percolation rates based on pore geometry and distribution coupled with matrix elasticity (Cowin, 1999 (Cowin, , 2001a . There have been tissue-level observations supporting the general concept of the model (Montgomery et al., 1988; Turner et al., 1994; Knothe Tate et al., 1998 , and initial bone bending-based model calculations predicting fluid shear stress on in vivo osteocytes indicated that it reaches magnitudes sufficient to cause the required 1% strain. However, more recent model refinements with real measures indicate that flow rates generated by poroelastic bending alone (i.e. disregarding weight loading) is not sufficient to reach this threshold (Keanini et al., 1995; Cowin, 2001b; Petrov and Pollack, 2001) .
A BONE FLUID FLOW HYPOTHESIS FOR MUSCLE PUMP-DRIVEN CAPILLARY FILTRATION: II PROPOSED ROLE FOR EXERCISE IN ERODIBLE SCAFFOLD IMPLANT INCORPORATION
Published reports modeling flow generated by bone bending either (1) state that flow in capillaries driven by heartbeat alone generates capillary filtration rates too small to exceed activation threshold shear stress of osteocytes, or (2) simply ignore trans-capillary pressure gradients (Piekarski and Munro, 1977; Weinbaum et al., 1994; Knothe Tate et al., 1998; Srinivasan and Gross, 2000; Steck et al., 2000; Cowin, 2001a; Knothe Tate, 2001; Petrov and Pollack, 2001; Pollack, 2001; Prendergast and van der Meulen, 2001) . McCarthy and Yang (1992) have criticized this limitation of a pressure generating mechanism to poroelasticity. Hillsley and Frangos (1994) suggested that capillary filtration is an important source of the BIFF which stimulates bone cells by fluid shear stress. In addition, they proposed that cytokines, such as NO, which are secreted by endothelial cells and affect osteoblasts, are enhanced in transport by capillary filtration. Otter found that streaming potential signals correlated highly with circulation generated IMP pressure oscillations (Otter et al., 1990 ) that were generated in cortical bone in the absence of weight bearing and muscle contraction. No conclusions were drawn on the ability of these potentials to stimulate bone cells. The notion that capillary filtration can help drive BIFF broadens the range of mechanical factors driving percolation to include those which alter blood flow and capillary hydraulic pressure. It opens the door to consideration of effects on BIFF of changes in all factors that affect blood pressure, from emotion to exercise to microgravity.
We propose that capillary filtration under appropriate conditions contributes a significant, if not sufficient convective component to BIFF to activate host and bioreactor bone cells. The idea of enhancing BIFF by increasing capillary filtration is not new. Saphenous vein compression causes increased capillary filtration and periosteal bone formation in canine tibias . In the proposed model muscle pump and exercise effects combine to increase capillary filtration sufficiently to add a significant component to BIFF. We reason that skeletal muscle, acting through a muscle pump mechanism, increases the rate of capillary filtration by increasing capillary hydraulic pressure via contraction of skeletal muscle in compartments adjacent to bone. Exercise magnifies the affect by increasing baseline blood pressure through increased heartrate and muscle pump activity. Two anatomical circumstances suggest how the mechanism operates: (1) bone influx and efflux vessels outside bone are contained within fasciabounded compartments, which include skeletal muscle, and (2) efflux vessels (veins) are valved. When the muscle pump contracts all vessels within its compartment are occluded. At the same time, two solitons (solitary pressure waves), one traveling upstream and one downstream are generated in the vessels' incompressible fluid. Solitons moving toward the bone are upstream in veins and downstream in arteries. Venous valves close and block capillary blood efflux (with the exception of collaterals that do not empty into the involved muscle compartment). Pressure in arteries rises and is transmitted to the nearest downstream capillary bed. If such a bed is in cortical bone, capillary filtration contribution to cortical BIFF is enhanced. Any implant in the percolation path will also experience enhanced transport.
General Effects of Exercise on Microcirculation
In order to demonstrate that microcirculation contributes directly to convective transport in any tissue, it must first be demonstrated that capillary filtration is convective. Two measures of capillary filtration commonly used are capillary filtration coefficient P f , and hydraulic conductivity L p . These quantities are related by the equation P f = S L p (Granger et al., 1981) where S is the permeable capillary surface area. In most cases the value of S is not known, so it is difficult to determine if P f is due to an L p value large enough to indicate substantial convection or to substantial vessel recruitment (Michel and Curry, 1999) . Cases where convection was thought to have been demonstrated in a subject at rest (Rippe and Haraldsson, 1994) have been questioned by some who propose the result may have been an artifact of methodology (Renkin and Tucker, 1998) . The consensus appears to be that in a horizontal body at rest L p is diffusive (Michel and Curry, 1999) .
It is, however, generally accepted that L p is convec-
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tive when capillary pressure is sufficiently high (Sejrsen et al., 1981) and/or flow is sufficiently fast to create shear stress which will stimulate endothelial cells to increase capillary permeability (Kajimura et al., 1998) , as occurs during exercise. In the latter case endothelial nitric oxide (eNO) is proposed to be a major local effector (Yuan et al., 1992) . During exercise cardiac output share received by muscles rises from 15-20% to 80-90%, at least five fold, controlled by local metabolic factors (Tzemos et al., 2002) . The abundance of studies on the physiology of skeletal muscle microcirculation during exercise is matched only by the paucity of similar studies in bone. The pressure increase in skeletal muscle arteries is not as great as the increase in muscle perfusion. For example, gastrocnemius blood flow increased from 4.7 to 10.3 ml/100ml/min during human rhythmic foot loading against a wall, yet corresponding blood pressure only increased from 82 to 85 mmHg (Miller et al., 2000) . In contrast pressure changes may be substantial in capillaries (of the order 18 mmHg (Lipowsky, 1981) ). Initial rise of capillary filtration driving pressure (= J 0 /P f , where J 0 is flux through capillary wall) in cat sympathectomized skeletal muscle may rise to 58 mmHg during graded exercise (Björnberg, 1990) . In an "exercised" cat muscle organ preparation with the sympathetic input intact, capillary pressure rose from 16.7 to 32 mmHg in one study (Maspers et al., 1990) and by 12.2 mmHg in another, leading to "marked" capillary filtration (Maspers et al., 1991) . With exercise and vessel dilation, increased vessel dilation and the resultant decrease in resistance and pressure observed by Maspers (Maspers et al., 1990) indicates a complex relationship in muscle blood flow. In a number of rat-on-treadmill studies skeletal muscle showed an increase in P f of 27% (Sexton et al., 1988; Sexton and Laughlin, 1994; Sexton, 1995) . Our inability to accurately predict microvascular response to increased perfusion during exercise may be linked to (1) hypervolemia which is delayed and may continue for at least 24 hours post exercise (Haskell et al., 1997) , (2) albumin extravasation which is linked to hypervolemia and changes the transluminal oncotic pressure gradient (Haskell et al., 1997) , (3) the formation of temporary shunt vessels (Slaaf and Oude Egbrink, 2002) , (4) decrease in venous resistance (increase in vascular conductance) (Shoemaker et al., 1999) , which in one study presented as a pressure drop of 45 mmHg (Shiotani et al., 2002) and (5) varies from vein to vein (Neglen and Raju, 2000) , and 6) neuroendocrine, autocrine, paracrine and other secreted regulatory agents which effect both permeability (Michel and Curry, 1999) and perfusion (Davies, 1995; Saltin et al., 1998) add to the complexity of BIFF.
Heart and Muscle Pumps in a Normal Gravity Environment
Gravity complicates fluid distribution. In the horizontal body blood is pumped through bone microvascular beds by baseline heartbeat. Distribution is modulated by local switching of pathways in response to tissue oxygen demand. Extravascular fluid tends to settle downward under gravity, but the vertical distances are short and oxygen is sufficiently distributed to make local anoxias insignificant. Prolongation of this condition during bed rest, however, has significant physiological effects including atrophy of muscle and osteopenia (Greenleaf, 1984; Hargens, 1994; Shoemaker et al., 1999) .
When the body orients vertically, extravascular interstitial fluids shift downward and the heart must increase output to insure initial venous return to the right atrium and normal flow to the cephalic artery. If the body depends on the heart alone for upward bloodflow, gravity eventually decreases venous return and cephalic delivery, allowing blood to pool in the lower extremities, and the individual faints. Under non-exercise conditions postural activity is required to maintain body balance. It has been suggested that maintenance of postural balance by muscles produces "persistent lowmagnitude" strains, which because they are spread out over long periods of time may produce sufficient mechanical stimulus to modulate bone cells (Rubin et al., 2001) . Such muscle-pump activity in limbs increases bloodflow and "milks" the vessels to return blood distribution to safe levels. In the lower extremities pumping alone would be ineffective if veins and lymphatic vessels were not valved so as to prevent backflow. In the upper extremities the consequences are easily demonstrated by increase in brachial artery pressure 25-30 mmHg coupled with a decrease in blood flow-even during hand-grip exercises-as the forearm is moved from below to above the heart level (Shoemaker et al., 1998 (Shoemaker et al., , 1999 .
Effect of Exercise on Bone Microcirculation
Contraction of the quadriceps muscle causes a 30mm Hg or more rise in IMP (MacPherson and Shaw, 1961; Shim et al., 1972; Kumar et al., 1979; Bryant, 1983) . A physiologically relevant peak load of 600µε on a turkey ulna generates an IMP of 64 mmHg (Qin et al., 2002) . However, attempts, to establish a causal relationship between IMP and cortical blood flow have not been consistently successful (Thomas et al., 1982; Bouteiller et al., 1984) . Pressures have not been measured in cortical bone, but normal oscillations in vessels of canine tibia medullary canals have amplitudes of about 15 mm Hg, rising from a baseline of 25 mm Hg (Otter et al., 1990) . Bone bending caused by skeletal muscle contraction does cause interstitial pressure changes that affect cortical circulation. Specifically, bloodflow tends to increase on the tension side and decrease on the compression side of the diaphysis during physiologically relevant bending (McDonald and Pitt Ford, 1993 ).
Exercise appears to increase bloodflow to bone, but the results are uneven. "Exhaustive" exercise in rats increases metaphyseal bloodflow, decreases diaphyseal bloodflow and does not effect marrow bloodflow (Spodaryk and Dabrowski, 1991) . Short term treadmill exercise of adult dogs increased bloodflow in soft tissue around joints, but had no effect on juxtaarticular bone (Simkin et al., 1990) . Longer term treadmill exercise caused a steady increase in cortical bone bloodflow from 1.6 to 2.5 ml/min/100g (Tondevold and Bulow, 1983) .
The effect on muscle and bone microvasculature of increased bloodflow during exercise is complicated by the fact that (1) local hematocrits and shear stress on RBCs will influence both the rheology and rate of oxy-gen delivery, (2) shear stress on endothelial cells upregulates the release of a number of agents which alter both permeability (Sill et al., 1995; Tarbell et al., 1999; Williams, 1999; Ogunrinade et al., 2002) and calibre (Pohl et al., 1986 ) of vessels and (3) hydrostatic pressure will rise or fall as a function of '2', increasing the potential for convective flows. It should come as no surprise that results from muscle cannot be extrapolated to bone. During the same exercise vascular resistance in bone increases two to fourfold while vasodilation in adjacent muscle increases (Gross et al., 1979) .
Muscle Pump Driven Bone Capillary Filtration
Basic components of the muscle pump model for increased capillary filtration-driven BIFF are shown in Figure 1 , which is a cartoon of a longitudinal section through one cortex and adjacent medullary canal in a long bone. A skeletal muscle compartment containing vessels and bounded by fascia is at the top of the figure. Fascia has limited extensibility, a characteristic which contributes to compartment syndrome, and when skeletal muscle contracts it shortens and widens so as to compress both arteries and veins-a solid mechanics Starling resistor, as it were, which occludes the vessels. If contractions are strong, as during exercise, each one will send a soliton (s in the figure) away from the muscle belly; downstream in arteries and upstream in veins. Solitons in veins will eventually encounter valves (v), sealing off any efflux of blood from bone (except where collateral veins allow escapeone is shown in the figure). Solitons in arteries propagate to capillary beds where they increase intravascular hydraulic pressure in fluid unable to escape through veins. In any given osteon or Haversian canal capillary filtration is increased driving extravascular fluid over perivascular tissue and through nearest canaliculi. Pressures generated during exercise above heartbeat baselines can be considerable; interstitial values as high as 570 mmHg (Sejersted et al., 1984) have been recorded. At the low end would be pressures generated during normal "postural" contractions (Fritton et al., 2000; Rubin et al., 2001) . One might speculate that the muscle pump soliton threshold for generating capillary filtration sufficient to add a significant fluid shear stress vector to BIFF is reached during limb movements capable of preventing blood pooling under gravity.
Evidence which supports a significant role of microcirculation in BIFF include: (1) Observations of IMP rise in response to muscle contraction have led to a proposal that leakage from medullary sinusoids can increase IMP enough to collapses both sinusoidal and continuous cap- Interstitial fluid also exits cortical bone via pre-lymphatic channels. Enhancement of BIFF by muscle pump action enhances exchange with the bioreactor, providing nutrient support to seeded cells and increasing the rate of scaffold erosion. Muscle-caused bending and weight bearing compression/tension (dark gray arrows to left of scaffold) of the poroelastic cortical matrix probably normally dominate vascular soliton effects. During exercise, however, muscle pump and heartbeat-generated pressures should become significant contributors to BIFF.
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Capillary filtration, muscle pump and bone fluid flow illaries in the medullary canal-a classical Starling resister effect-resulting in both medullary and cortical ischemia (Otter et al., 1999) . However, long periods of high IMP seem to occur only under pathological conditions such as ischemic osteonecrosis (Ficat and Arlet, 1980) and bone marrow edema syndrome (Jones, 1997) . Although IMP is a poor indicator of blood flow in bone (Thomas et al., 1982; Bouteiller et al., 1984 ) the blood pressure changes associated with its increase are significant. (2) Blood flow to limb bones increases during exercise (Tondevold and Bulow, 1983) . (3) Vascular resistance in limb bones increases during exercise (Gross et al., 1979) . Observations 2 and 3 lead to the prediction of an increase in luminal (vessel) hydraulic pressure. However, measures of cortical vessel luminal pressure have not been reported, and even though blood is an incompressible fluid, it is non-Newtonian in small vessels and permeability of capillary walls is not uniformly distributed (Landis and Pappenheimer, 1963) ; consequently, neither is the transmural pressure gradient. Absent direct measures of pressure in cortical vessels, one can detect effects of nutrient artery blood pressure changes and skeletal load changes in the medullary canal. For example, contraction of the quadriceps muscle causes a 30 mmHg or more rise in femur IMP (MacPherson and Shaw, 1961; Shim et al., 1972; Kumar et al., 1979; Bryant, 1983) . The contribution of femur bending to this value is not clear because the quadriceps complex was not released in the studies cited. Further, contributions of weight-bearing to IMP will vary if measures are obtained during walking. In humans IMP in the tibia has been measured to vary from 35 mmHg in the supine to 46 mmHg during walking (McDermott et al., 1986) . Interestingly, the corresponding standing pressures were about 85 mmHg during weight-bearing (McDermott et al., 1986) . Tibial IMP standing pressure in the goat is 15.5 mmHg (Welch et al., 1993) , and serves as a caveat against extrapolating from quadripeds to bipeds. One must be careful to avoid extrapolation from IMP to BIFF in adjacent cortical bone. Correlation between IMP and cortical blood flow is poor ( Thomas et al., 1982; Bouteiller et al., 1984) .
The muscle pump model does not preclude a direct effect of load on blood flow in bone. Non-oscillating static bending in the absence of muscle contraction reduces bone blood flow on the compression side and increases it on the tension side of a long bone (McDonald and Pitt Ford, 1993) . Nor does the model preclude "crosstalk" between endothelial cells and bone cells via cytokines/ chemokines. Fluid shear stress on endothelial receptors upregulates their expression of peptides which stimulate bone cells (Guenther et al., 1986; MacIntyre et al., 1991; Alam et al., 1992; Tatrai et al., 1992; Oni et al., 1993; Petersen et al., 1993; Zaidi et al., 1993; Fiorelli et al., 1994; Kasten et al., 1994) , and bone circulation is correlated with BMU work rate increase (Whiteside et al., 1977; Reeve et al., 1988; ) . Nor does it preclude possible contribution of sinusoidal marrow capillaries to the percolating fluid, which has been proposed to account for the rapid transport of large molecules through cortical bone (McCarthy and Yang, 1992) . All of these effects must be coordinated in a total physiological model.
How convective are bone capillary filtration flows? How do flow rates reflect neighboring skeletal muscle activity? This is not known. McCarthy and Yang (1992) have attempted to set up a total transport model by superposing solutions to transport equations through (1) the capillary wall using the Renkin-Crone capillary permeability (P)-surface area (S) product equation, PS = -Qln(1-E), where Q is blood volumetric flow rate and E extraction, (2) the extravascular space between capillary wall and osteon wall using Fick's second law, where the source concentration is determined by PS and (3) the bone matrix using a compartment diffusion model which attempted to include uptake of solutes by metabolizing bone cells. Transport in this model was considered to occur by diffusion and it allowed for high rates by arbitrarily increasing concentration gradients. When McCarthy (1997) attempted to account for transport of albumin by assuming diffusion in an in vivo experiment he found rates of transport so high that he had to conclude that the flow was convective. He doubted that cortical vessels were capable of such flow and proposed that the more permeable medullary sinusoids provided the logical pathway (McCarthy, 1997) . However, it has been well established that similar continuous capillaries in other organs are capable of convective transmural transport (Nakamura and Wayland, 1975) .
Nakamura and Wayland established a model to determine if macromolecular extravasation in mesentery was by diffusion or convection. Analyzing single vessels they reasoned that if the concentration gradient between a source (vessel center) and a sink (some point distance x from the vessel center) decreased its slope faster than the rate predicted for the molecule in question by Fick's second law, then the parsimonious conclusion was that the difference was convective transport. The gradient was represented by the ratio of concentrations at time t, C x (x,t)/ C 0 (0,t), with C 0 tending to be constant because the capillary was continuously perfused. In a given experiment with fluorescent macromolecules extravasating, concentration was directly proportional to fluorescence intensity, so the ratios were the same. Temporal change in concentration/fluorescence at x is predicted by equation (1) their error function form of Fick's law. Here D is the reference diffusion coefficient for the tested solute. A relative diffusion D* is computed by replacing C x /C 0 with experimentally measured fluorescence intensity values. Where D* > D, transport cannot be due to diffusion alone, and it is presumed that the amount of increase is a meas- 
Capillary filtration, muscle pump and bone fluid flow ure of convection. Certainly, this measure will not be sufficient as a predictor of bone cell activating bone matrix percolation, but it will be necessary.
Experiments Which Will Test the Model
Verification of the model requires demonstration that increase in blood flow (which we have measured) is not compensated for by bone arteriolar constriction. Further, it must be shown that convective capillary filtration can occur in response to a muscle pump released from its tibial insert. Finally, it must be shown that extravascular flow generated by the muscle pump in the absence of poroelastic load is a significant component of (1) flow percolating through the lacunar-canalicular system and stimulating osteocytes and/or (2) perivascular flow stimulating osteoblasts and/or 3) perivascular flow stimulating osteoclasts. It would appear that the initial step in testing the model would be to determine if capillary filtration in cortical microvasculature (1) is convective or (2) can be made convective by the muscle pump. Preliminary data in support of this step have been obtained.
Preliminary Data in Support of the Model
Capillary filtration of large fluorescent molecules was used to indicate level of transport through large pores (assuming the two-pore model of Rippe and Haraldsson, 1994) . Fluorescein isothiocyanate Dextran 70kDa (FITC-D70) was injected into a rabbit and its entrance into cortical vessels in the compartment of an optical bone chamber implant (BCI) observed via intravital microscopy. Analysis of the recordings with an image processing program produced fluorescence intensity profiles across one vessel at three times. These results show an effect of muscle stimulation on capillary filtration. In previous work we have reported evidence that convective capillary filtration occurs in bone microvasculature without requiring muscle contraction (Winet and Bao, 1990) . In this observation the ratio of change in intensity at a given distance x from the vessel was equivalent to the ratio of FITC-D70 concentration change, C(x,t)/C(0,t), at x over the same time period. Equation (1) was applied and compared with the same ratio for free diffusion of FITC-D70. For the profiles measured D* > D indicating that convection was indeed taking place.
Enhancement of capillary filtration in cortical bone by skeletal muscle contraction has also been tested. Figure 2 shows a comparison of two histograms of the fluorescence intensity incidence as a function of emission level. These data represent three vessels in a BCI compartment which is 2mm in diameter and 100µm thick. FITC-D70 was injected before and RITC-D70 after 30 minutes of muscle stimulation. Stimulation came from a Tonatronic â model TMS DT 8000 transcutaneous electrostimulator applied externally over the gastrocnemius muscle. The TENS pattern was 30 volts at 80 mA and 4Hz. Absence of extravasation is normal for these large fluorescent molecules. Under TENS, however, capillary filtration is indicated by a rise in extravascular fluorescence. The D* data and those in Figure 2 support the notion that convective capillary filtration is present in bone capillaries.
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